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(54) Composite material for use in 
orthopaedics 

(57) The composite comprises a 
homo- or co-polyolefin having an 
average molecular weight greater 
than 20,000 and up to 80% by 
volume of a particulate inorganic 
solid, e.g. a ceramic, a calcium 
phosphate, chalk, fly ash or silica. 
The composite is particularly useful 
as an endoprosthesis, such as a hip- 
or knee-joint replacement. 
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SPECIFICATION 

Composit material f r us in rthopa dies 



and to prostheses incorporating them. rtro ethoeic psneciallv endoprosthesis; 

15 ss^^ en9lneerinfl 

15 ^Kose'envisaged uses were hea d is rep.aced with a 

One major example is in tcrtal h.p by a polymethyl- 

cast alloy usua.hr an ^^g^^ eSinThS pVhyU 
methaciylate *™f a m ^ virtue Qf » ejr ^^atibnity,.. 

20 acetabular cup. The ( alloys "^ a ^^JL neg / an d fatigue strength. They have proved 
resistance to corrosion, adequate fracture wubtw nw» a . h recent | y been 

satisfactory, but less than .deal, in such "pte*™*. "^"c mTerials with comparable 

25 brittfenaSire of ceramics, however, presents new problems for Prwu* 

im one maior defect: 

All such synthetic prosthetic mattnals which it was orio.in.lly 
^X^^X^^^ hev. c«n intrinsic*,, im ( 

which they are affixed. nrn «, an t invention there is provided a composite of a 

According, therefore, to one aspect of the P'f f gre ater than 20.000 

?™We, Mfta. «J SSa'S^J^J^^ weigh, 0J greater than 
the composite is present both to reinforce the composite no to ej 6Q tQ , 20 

S^«^^^^ so 

ratio from 1.51 1.7. Other particulate -Jjwjj^j^ in tne form of ground 
The particulate i"organ.c sol.d espeaa «^gJ2^^o% being less than 1 00 M m to 
• spherical particles, preferably wherein th p *™?q™*o0 lum. Th inorganic solid may also 55 
55 0 P 05 pm. preferably from 90% bemg le ss ^^^J^^Uy having a maximum 

£gTo^ 

'"Kp!^ eTe 6 soS»^ P x r P ;«t 9 o2 h 6 e 0-C. 60 

60 polyol fin. suitably at a temp rature .above ^J^!mSwM which, desirably, has . 
preferably from 200* to 240*C, with the particulate »n«gan ic so a riod 

Sreviousfy been dried, for example by heating a ^^^^^^ P artic,e size " 
of 3 id 1 2 hours. If necessary, the morganc soM s first ground » q ^ ^ ^ 
„ The_po|yo.efin is^^^ time will depend on the 65 
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charg incorporated but for 0.5kg is typically from 1 to 2 hours. For higher volume fractions of 
inorganic solid it is often more convenient to use a two-stage milling adding, say, the inorganic 
solid to produce a 40% volume fraction "hide"; cooling this; remeltihg on the mill; and adding 
the remainder of the inorganic solid. 
5 It is also possible to produc a composite by mixing in an extruder, and, again, re-extruding to 5 
obtain higher volume fractions of inorganic solid is often mor convenient. A further method of 
producing the composite is by comminuting and finely admixing the components in the solid 
phase; sintering the mixture; and compacting, as by isostatic pressing, the sintered product. 
The composites according to this invention have a Young's modulus from 2 to 40, preferably 

10 from 10 to 30 GPa; that is, they have a Young's modulus in the range of values recorded for 10 
compact bone. The composites may be oriented in a machine direction, but it is preferred that 
the ratio Efl :Ej_ does not exceed 3, preferably 2. 

By "Young's modulus" is meant herein the dynamic modulus measured ultrasonically by the 
method of Bonfield and Grynpas in "Nature", 270, No. 5636, pp. 453-454 (1977). 

15 In accordance with a further aspect of this invention there is provided a composite of a homo- 1 5 
or co-polyolefin with a particulate inorganic solid for use in surgery as a prosthesis, especially 
where the composite is as hereinabove defined; and a prosthesis prepared from such a 
composite, preferably an endoprosthesis, particularly for the direct engagement of bone, which 
may be a fracture fixation device, a jaw prosthesis or a prosthesis for the simple substitution of a 

20 local section of bone; especially, however, the endoprosthesis is a bone joint device, particularly 20 
for partial or total replacement of the hip or knee joints. In particular, the composite may be 
used to fabricate either or both of the femoral head and stem and the acetabular cup into which 
the head seats in vivo, although it may be used in the prosthesis of any joint affected by 
arthrosis. 

25 The prosthesis may be fabricated by compression or injection moulding. In the former, the 25 
solid composite is remelted, suitably at a temperature from 190" to* 2 preferably 200* to 
230T, charged to the prosthesis mould cavity under load until the cavity is filled, and then 
cooled under load. In the case of injection moulding, similar temperatures are used, but care 
must be taken to use an injection pressure and speed below that which causes degradation by 
30 scorching. 30 
It will often prove desirable, especially with a polyolefin with a M w < 500,000, to y-irradiate 
the fabricated implant prosthesis. Not only will this give better resistance to creep and 
environmental stress cracking, but it will also sterilise the prosthesis. 
Where processing difficulties are encountered or might be expected, it is often desirable to 
35 use a polyolefin of lower M w to form the composite more readily and then to irradiate. 35 
Throughout the specification and claims, molecular weights and particle sizes refer to these 
parameters as charged; these may change during blending and fabrication. 

This invention further provides a method of orthopaedic endoprosthesis for the animal or 
human body which comprises preparing at feast one bone stump to receive the prosthesis and 
40 engaging prosthesis as hereinabove defined to the or each bone stump. 40 
The following Example illustrates the invention. 

Polyolefin, as specified in Table I below, is melted and contained on and in the nip of a two 
roll mill. To the molten polyolefin are added aliquots of the inorganic particulate solid until the 
requisite volume fraction, as specified in Table I, is attached. 
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TABLE 



5 POLYOLEFIN (a) 



MILL 

TEMP. 

CC) 



MILLING 

TIME 

(hr.) 



INORGANIC 
PARTICULATE 
SOLID (b) 





QUQUALITY 


RATIO 


PREPARED 


(a:b) 


(9) 


1:3 bywt. 


200 


1:1 


100 


1:2 


150 


1:3 


200 


2:1 by wt. 


300 


1:1 


300 


1:2 


300 


3:2 3 by vol. 


450 


2:3 


500 


1:4 


500 


1:9 


500 


1:4 


400 


1:3 


340 


1:3 


550 


2:3 


230 



1 . H020-54P 1 



2. 
3. 

"10 4. 
5. 
6. 
7. 
8. 

15 9. 

10. 

11. 

12. 

13. 
20 14. 

15. 



H020-54P 



220 



225 



230 



H060-45P 4 250 



1 



1.5 



CaCO, 



CBA a 



HAP 5 



10 



15 



20 



1 . A linear polyethylene (ex. BP Chemicals Ltd.) having an MFI 0.05, M„ 33,000 and M w 

25 312 000 

2. ' Calcined bone ash (ex. Podmore) which is dried (6 hours at 140*C) and ground to nearly 
spherical particles of sub-micron size before adding to the polyolefin. 

3. Assuming a density of 3160kg. m" 3 . .i u . 
4 A linear ethylene hexene - 1 copolymer (ex. BP Chemicals Ltd.) having a M„ about 

30 240,000 with about 1-4 butyl branches per 1,000 chain carbon atoms. 

5. Synthetic hydroxyapatite in platelet form which is dried (8 hours at 1 40 C) before adding 
to the polyolefin. 



25 



30 
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TABLE II 







INORGANIC 




PLAQUE 




PRESS 


POLYOLEFIN 


PARTICULATE 


RATIO 


WEIGHT 


DENSITY 


TEMPERATURE 




W 


SOLID (b) 


(a:b) 


(9) 


(kgm- 3 


CQ 5 


1 ft 

1 O. 


wnori— rap 


CaC0 3 


1:3 by wt. 


17.4 


1810 


210 


1 7 




CBA 


2:1 


11.0 


1150 


/ 9 


4 o 

IO. 




* , 


2:1 


11.0 


1150 


99 


1U 19. 




* 9 


1:1 


13.1 


1360 


10 


20. 


99 


9 9 


1:1 


13.1 


1360 


w r 




t » 


9 9 


1:1 


12.7 


1320 


* f 


22. 


9 9 


9 9 


1:1 


12.5 


1300 


200 


23. 


9 9 


9 9 


1:1 


12.7 


1320 


r 9 


IS 24. 


9 9 


99 


1:1 


12.7 


1320 


15 


25. 


9 9 


9 t 


1:2 


18.0 


1870 


220 


26. 


9 9 


t * 


1:2 


16.5 


1720 


* * 


27. 


99 


99 


1:1 


13.0 


1360 


9 * 


28. 


9 9 


9 t 


1:2 


16.5 


1720 


1 t 


20 29. 


99 


9 9 


1:2 


16.6 


1730 


20 


30. 


t 9 


9 9 


1:2 


16.4 


1710 


210 


31. 


9 9 


99 


1:2 


16.3 


1700 


9 9 


32. 


9 9 


9 9 


4: 1 by vol 


13.7 


1430 


200 


33. 


99 


9 9 


4:1 


13.7 


1430 


1 9 


2 b 34. 


9 9 


9 9 


4:1 


13.3 


1390 


25 


35. 


9 9 


9 9 


4:1 


13.0 


1350 


9 9 


36. 


99 


9 9 


3:2 


19.9 


2070 


99 


37. 


99 


99 


3:2 


19.6 


2040 


99 


3o. 


99 


99 


3:2 


19.3 


2010 


99 


30 39. 


99 


9 9 


2:3 


26.8 


2790 


30 


40. 


99 


9 9 


2:3 


25.0 


2600 


/ * 


41. 






2:3 


25.2 


2660 


99 


42. 


H060-45P 


HAP 


9:1 


15.5 


1610 


i 9 


43. 


// 


99 


9:1 


15.0 


1560 


t 9 


35 44. 


9 9 


9 9 


4:1 


14.1 


1470 


35 


45. 


9 9 


9 9 


4:1 


14.9 


1550 


9 9 


46. 


99 


0 9 


3:2 


20.0 


2080 


9 9 


47. 


9 9 


99 


3:2 


18.4 


1920 


9 9 



40 



45 



40 



Further blends (see Table II) were made essentially as specified above. These were then 
compression moulded into plaques for use in determining mechanical properties of the blends. 

In the accompanying drawing there is shown a graph depicting the relationship between 
Young's modulus, measured in GPa, as ordinate and the volume fraction of particulate inorganic 
solid. The blends used were 1 1 to 1 5 inclusive shown in Table I. 45 



CLAIMS 

1 . A composite of a homo- or co-polyolefin having a weight average molecular weight (M J 
greater than 20,000 with up to 80% by volume of a particulate inorganic solid. 
50 2. A composite according to Claim 1 wherein the polyolefin comprises polyethylene, 

polypropylene, polybutylene, or a copolymer of ethylene and at least out of propylene, butylene 
and hexene. 

3. A composite according to Claim 2 wherein the polyolefin comprises linear polyethylene. 

4. A composite according to any preceding claim wherein the polyolefin has an M w greater 
55 than 1 00,000 but less than 1,000,000. 

5. A composite according t any preceding claim which comprises from 10% t 70% by 
volume of the particulat inorganic solid. 

6. A composK according to Claim 5 which comprises from 20% to 60% by volume of the 
particulate inorganic solid. 

60 7. A composite according to any preceding claim wherein the particulate inorganic solid has 
a Young's modulus from 50 t 1 50 GPa. 

' 8. A composh according t Claim 7 wherein the particulate inorganic solid has a Young's 
modulus from 60 t 1 20 GPa. 
9. A composit according t any pr ceding claim wherein th particulate inorganic solid 
65 comprises a ceramic. 
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1 0. A composite according to any preceding claim wherein the particulate inorganic solid 

comprises a calcium salt. ... . . . . . . 

1 1 1 . A composite according to Claim 1 0 wherein the calcium salt is a calcium prosphate in 
which th Ca:Prati is from 1 .0 to 1 .5. 
5 12. A composh according to Claim 1 0 wherein the calcium salt is a natural or synthetic 
hvdroxyapathe or fluorapatrte having a Ca:P ratio from 1.51 to 1.7. ..... . . 

13. A composite according to any preceding claim wherein the inorganic solid is in the form 
of ground spherical particles. . 

14. A composite according to Claim 1 3 wherein the particle size is from 90% being less 

10 than 100 um to 0.05 /im. , • • * u 

1 5. A composite according to any of Claims I to 1 2 wherein the inorganic solid is in the 
form of acicular particles or platelets. 

1 6. A composite according to Claim 1 5 wherein the platelets have a maximum length of 
500/un and a maximum thickness of 20jim. 1 _ 

15 1 7. A composite according to any preceding claim which has a Young s modulus from 2 i o 

GP 18 to /^composite according to Claim 1 7 which has a Young's modulus from 5 GPa to 30 
GPs 

1 9. A composite according to any preceding claim which has been oriented in a machine 
20 d'rectwn^ according to any ^ Claim8 1 7 to 1 9 wherein the ratio E„ :Ei is from 1 to 

3 " 2 1 . A composite of a homo- or co-poryolefin with a particulate inorganic solid for use in 

25 8U 2 9 2 erV Acomposite^according to Claim 21 which is defined in any of Claims 1 to 20. 25 
23 A prosthesis which comprises a composite according to any of Claims 1 to 22. 
24! A prosthesis according to Claim 23 which is a femoral prosthesis. 
25! A prosthesis which has been -^irradiated after fabrication. 



